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Memorandum		
TO:	California High Speed Rail Ridership and Revenue Peer Review Panel
FROM:	Cambridge Systematics
DATE:	September 23, 2013
RE:	Revised forecasts of gasoline prices and fuel efficiency for use in 2014 Business Plan Model Runs and Forecasts
Cambridge Systematics (CS) has updated the range of gasoline prices and fuel efficiency forecasts in California with the latest U.S. Energy Information Administration (EIA) projections. This memo documents the latest forecasts and the approach of combining these factors into auto operating costs for use in forecasting ridership and revenue for the 2014 Business Plan of the California High Speed Rail (CHSR) project. The forecasting approach is consistent with the methodology used for the 2012 Business Plan, however, the auto operating cost projections for the 2014 Business Plan recognize the following:
The most current motor gasoline price projections. The 2012 Business Plan was based on EIA’s 2011 Annual Energy Outlook (AEO). CS has updated the projected motor gasoline prices in California based on the 2013 Annual Energy Outlook (AEO). EIA’s forecasts extend through 2040 but CS has extrapolated the forecast to 2050.  
The final Corporate Average Fuel Economy (CAFE) standards adopted in 2012 for MY 2017 through 2025. The 2012 Business Plan considered the adopted CAFE standards for light-duty vehicles (LDV) for model years (MY) 2012 to 2016; however, the final fuel economy standards for MY 2017 through MY 2025 had not yet been adopted. The 2013 AEO forecasts include the adopted fuel efficiency standards for MY 2017 through MY 2025.
The forecast years match the project phasing plan. For the 2012 Business Plan CS prepared forecasts for all project phases for forecast year 2030.  For the 2014 Business Plan, we will forecast revenue and ridership for year 2022, 2027, 2030, 2040, and 2050, eliminating the factoring process to estimate ridership and revenues from 2030.
We plan to use the range of auto operating costs for different forecast years that are summarized in Table 1. Table 5 at the end of this memo summarizes in more detail the proposed costs for the base scenario as well as a range of inputs for the risk analysis. For comparison purposes, the 2030 costs projected for the 2012 Business Plan ranged from $0.20 to $0.28 per mile (2011 dollars). With the new forecasts of the underlying data, the 2030 auto operating costs are projected to range from $0.18 to $0.27 per mile in 2011 dollars.



Table 1: Range of Auto Operating Costs for 2014 Business Plan, 2011 dollars
	Forecast Year
	Range

	2020
	21 to 30 cents per mile 

	2022
	20 to 29 cents per mile 

	2027
	19 to 28 cents per mile 

	2030
	18 to 27 cents per mile 

	2035
	17 to 27 cents per mile 

	2040
	17 to 27 cents per mile 

	2050
	16 to 28  cents per mile 


Gasoline Prices 
The U.S. Energy Information Administration (EIA) forecasts motor gasoline prices through 2040 for three different scenarios in its 2013 Annual Energy Outlook (AEO): reference, low, and high.  Table 2 shows the EIA 2013 price forecasts from 2020 to 2040 in 2011 dollars. CS extrapolated the forecasts to 2050 using the projected average annual growth rate from 2020 to 2040. 
Table 2: Forecast U.S. Transportation Motor Gasoline Prices 2020-2050, in 2011 dollars

	Year
	Low
	Reference
	High

	2020
	$2.61
	$3.32
	$4.29

	2022
	$2.65
	$3.43
	$4.37

	2027
	$2.60
	$3.55
	$4.64

	2030
	$2.59
	$3.67
	$4.90

	2035
	$2.60
	$3.94
	$5.33

	2040
	$2.64
	$4.32
	$5.86

	2050
	$2.66
	$4.90
	$6.83

	CAGR 2020-2040
	0.1%
	1.3%
	1.6%


Source: Annual Energy Outlook 2013 and CS extrapolation for 2050
Notes: (1) Sales weighted-average price for all grades. Includes Federal, State and Local taxes. (2) CAGR = compounded annual growth rate.
Historically, California retail gasoline prices have been an average of 12 percent higher than the U.S. average (Figure 1.) CS developed a forecast of California gasoline prices by taking the  forecasts from EIA (from Table 2) and increasing by 12 percent (Figure 2).



Figure 1: Annual Retail Gasoline Prices (dollars per gallon)
2000-2012, nominal dollars

Source: U.S. Energy Information Administration: Annual All Grades All Formulations Retail Gasoline Prices
Figure 2: Forecast Motor Gasoline Price in California Expressed in 2011 dollars 

 Source: CS analysis of Annual Energy Outlook 2013
Vehicle Fuel Economy Forecast
The U.S. Energy Information Administration also provides projections for fuel economy (mpg) for light-duty vehicles through year 2040 for two cases: 
Reference Case – The AEO2013 Reference case includes the final CAFE standards for model years 2012 through 2016 (promulgated in March 2010) and the final standards adopted in October 2012 for model years 2017 through 2025, with subsequent CAFE standards for years 2026-2040 vehicles calculated using 2025 levels. In 2010, California accepted compliance with federal greenhouse gas (GHG) emission standards as meeting similar state standards and incorporated the national standards into their motor vehicle emissions program.[footnoteRef:1],[footnoteRef:2] We interpret this to mean that in the future, national and California standards will be the same. [1:  EPA (http://yosemite.epa.gov/opa/admpress.nsf/1e5ab1124055f3b28525781f0042ed40/6f34c8d6f2b11e5885257822006f60c0!OpenDocument)]  [2:  California Air Resources Board, Statement of the California Air Resource Board Regarding Future Passenger Vehicle Greenhouse Gas Emission Standards, May 21, 2010.] 

Extended policy – The Reference case assume that the CAFE standards are held constant at MY 2025 levels in subsequent model years, although the fuel economy of new LDVs would continue to rise modestly over time. The Extended case modifies the assumption assuming continued increases in CAFE standards after MY 2025. CAFE standards for new LDVs are assumed to increase by an annual average rate of 1.4 percent.
Figure 3 shows the fuel economy projections for the Reference and Extended policy case for the entire “on-the-road” fleet of vehicles (not only new vehicles). The average annual growth rate from 2035 to 2040 for the Reference case is 1.1 percent. CS extrapolated the fuel efficiency projections to year 2050 using 1 percent for both scenarios.
Figure 3: Projections of Fuel Economy of Light-Duty Vehicles

Source: Annual Energy Outlook 2013, Transportation Sector Key Indicators and Delivered Energy Consumption
Notes: (1) Combined "on-the-road" estimate for all cars and light trucks
Auto Operating Cost Estimates
Fuel Operating Cost Component
Figure 3 shows that there is not a significant variation in fuel efficiency between the Reference and the Extended scenario forecast. While the lowest auto operating cost could be achieved by combining the high fuel efficiency with the low gasoline price, and the highest cost could be achieve by assuming the reverse, it is more reasonable to assume that high prices will coincide with high fuel economy, and low prices with low fuel economy.  While fuel economy is not nearly as volatile as fuel prices, it is reasonable to assume that over a long period of time, high prices will drive the demand for better fuel economy. Therefore, CS plans to use the Extended policy case with the High scenario of gas prices and the Reference case with the Low and Reference motor fuel price forecast to develop auto operating costs for use in our ridership and revenue forecasting (Table 3).
Table 3: Combination of Fuel Efficiency Projections with Gasoline Price Forecast Scenarios
	Fuel Efficiency Case
	Gasoline Price Scenario

	Extended Policy
	High forecast

	Reference
	Reference forecast

	
	Low forecast



Non-Fuel Component
For the original model calibration effort in 2006-2007, non-gasoline operating costs[footnoteRef:3] were assumed to be 67 percent of the gasoline operating cost.[footnoteRef:4]  For the 2012 Business Plan work, CS used 8 cents per mile in 2005 dollars as the non-gasoline operating costs for autos in 2010 (60 percent of the gasoline operating cost) as that was the consensus that California MPO’s agreed at the time. However, the non-gasoline operating costs are likely to be less volatile than fuel prices, so it is reasonable to keep this as a constant amount, modified only by inflation over time.  We plan to retain this fixed amount per mile, which equates to 9 cents per mile in 2011 dollars with the Low and Reference gasoline price forecasts. For the High gasoline price forecast, CS plans to increase this amount to 9 cents per mile in 2005 dollars, which equates 10 cents per mile in 2011 dollars (Table 4). [3:  Include maintenance and repair, motor oil, parts, and accessories.]  [4: Bay Area/California High-Speed Rail Ridership and Revenue Forecasting Study, Levels-of-Service Assumptions and Forecast Alternatives, prepared for Metropolitan Transportation Commission and California High-Speed Rail Authority, prepared by Cambridge Systematics, Inc., August 2006, Table 2-1, page 2-2.] 



Table 4: Combination of Non-Fuel Costs with Gasoline Price Forecast Scenarios, 2011 dollars
	Gasoline Price Scenario
	2014 Business Plan

	High Forecast
	$0.10/mile

	Reference Forecast
	$0.09/mile

	Low Forecast
	$0.09/mile


Auto Operating Cost Assumptions for Modeling
Table 5 summarizes the auto operating cost estimates from 2020 to 2050 for the Base scenario as well as a range of inputs for the risk analysis based on the foregoing assumptions. Costs are expressed in:
· 2005$ - consistent with what is used in the travel demand model
· 2011$ - consistent with the dollar amounts in the 2012 Business Plan and with EIA projections
The currency conversions use the California consumer price index (CPI) values of:
· [bookmark: _GoBack]202.600 for 2005
· 232.931 for 2011
For the base years 2000 and 2010, CS will continue using the $0.16 and $0.20 per mile in 2005 dollars, respectively. 


Table 5: Auto Operating Cost Estimates for 2014 Business Plan 
	
	
	
	Low
	Reference/Base
	High

	
	
	
	2005$
	2011$
	2005$
	2011$
	2005$
	2011$

	Motor Gasoline in California
	
	$2.54
	$2.92
	$3.23
	$3.72
	$4.17
	$4.80

	Fuel Efficiency (mpg)
	
	24.1
	24.1
	24.1
	24.1
	24.1
	24.1

	Gas Operating Cost ($/mile)
	
	$0.11
	$0.12
	$0.13
	$0.15
	$0.17
	$0.20

	Non Gasoline Operating Cost ($/mile)
	$0.08
	$0.09
	$0.08
	$0.09
	$0.09
	$0.10

	2020 Auto Operating Cost ($/mile)
	$0.18
	$0.21
	$0.21
	$0.24
	$0.26
	$0.30

	Motor Gasoline in California
	
	$2.58
	$2.96
	$3.34
	$3.84
	$4.25
	$4.89

	Fuel Efficiency (mpg)
	
	25.3
	25.3
	25.3
	25.3
	25.3
	25.3

	Gas Operating Cost ($/mile)
	
	$0.10
	$0.12
	$0.13
	$0.15
	$0.17
	$0.19

	Non Gasoline Operating Cost ($/mile)
	$0.08
	$0.09
	$0.08
	$0.09
	$0.09
	$0.10

	2022 Auto Operating Cost ($/mile)
	$0.18
	$0.20
	$0.21
	$0.24
	$0.25
	$0.29

	Motor Gasoline in California
	
	$2.53
	$2.91
	$3.45
	$3.97
	$4.51
	$5.19

	Fuel Efficiency (mpg)
	
	29.1
	29.1
	29.1
	29.1
	29.2
	29.2

	Gas Operating Cost ($/mile)
	
	$0.09
	$0.10
	$0.12
	$0.14
	$0.15
	$0.18

	Non Gasoline Operating Cost ($/mile)
	$0.08
	$0.09
	$0.08
	$0.09
	$0.09
	$0.10

	2027 Auto Operating Cost ($/mile)
	$0.16
	$0.19
	$0.19
	$0.22
	$0.24
	$0.28

	Motor Gasoline in California
	
	$2.52
	$2.89
	$3.57
	$4.10
	$4.77
	$5.48

	Fuel Efficiency (mpg)
	
	31.3
	31.3
	31.3
	31.3
	31.8
	31.8

	Gas Operating Cost ($/mile)
	
	$0.08
	$0.09
	$0.11
	$0.13
	$0.15
	$0.17

	Non Gasoline Operating Cost ($/mile)
	$0.08
	$0.09
	$0.08
	$0.09
	$0.09
	$0.10

	2030 Auto Operating Cost ($/mile)
	$0.16
	$0.18
	$0.19
	$0.22
	$0.24
	$0.27

	Motor Gasoline in California
	
	$2.53
	$2.91
	$3.83
	$4.40
	$5.18
	$5.96

	Fuel Efficiency (mpg)
	
	34.2
	34.2
	34.2
	34.2
	35.9
	35.9

	Gas Operating Cost ($/mile)
	
	$0.07
	$0.08
	$0.11
	$0.13
	$0.14
	$0.17

	Non Gasoline Operating Cost ($/mile)
	$0.08
	$0.09
	$0.08
	$0.09
	$0.09
	$0.10

	2035 Auto Operating Cost ($/mile)
	$0.15
	$0.17
	$0.19
	$0.22
	$0.23
	$0.27

	Motor Gasoline in California
	
	$2.57
	$2.95
	$4.20
	$4.83
	$5.70
	$6.55

	Fuel Efficiency (mpg)
	
	36.1
	36.1
	36.1
	36.1
	39.2
	39.2

	Gas Operating Cost ($/mile)
	
	$0.07
	$0.08
	$0.12
	$0.13
	$0.15
	$0.17

	Non Gasoline Operating Cost ($/mile)
	$0.08
	$0.09
	$0.08
	$0.09
	$0.09
	$0.10

	2040 Auto Operating Cost ($/mile)
	$0.15
	$0.17
	$0.19
	$0.22
	$0.23
	$0.27

	Motor Gasoline in California
	$2.72
	$3.13
	$4.78
	$5.49
	$6.61
	$7.60

	Fuel Efficiency (mpg)
	39.7
	39.7
	39.7
	39.7
	43.0
	43.0

	Gas Operating Cost ($/mile)
	$0.07
	$0.08
	$0.12
	$0.14
	$0.15
	$0.18

	Non Gasoline Operating Cost ($/mile)
	$0.08
	$0.09
	$0.08
	$0.09
	$0.09
	$0.10

	2050 Auto Operating Cost ($/mile)
	$0.14
	$0.17
	$0.20
	$0.23
	$0.24
	$0.28


Source:  CS
High	2020	2022	2027	2030	2035	2040	2050	4.7972536399006307	4.8860796610895552	5.1879722983829524	5.4826643972284286	5.9599863019874899	6.5497126370643217	7.6417457909193303	Reference	2020	2022	2027	2030	2035	2040	2050	3.7160178795110621	3.8350693907407725	3.9713205732351371	4.10232788533808	4.4046945953491674	4.830509170188912	5.4802580755415784	Low	2020	2022	2027	2030	2035	2040	2050	2.9204836077713581	2.9629544855577397	2.9056375286546654	2.8925658679412103	2.9089347938538768	2.9528267716972936	2.9691075733060255	
Reference	2020	2022	2027	2030	2035	2040	2050	24.082304000000001	25.309034	29.138211999999999	31.328613000000001	34.229022999999998	36.098861999999997	Extended	2020	2022	2027	2030	2035	2040	2050	24.077819999999999	25.31	29.239536000000001	31.816412	35.854309000000001	39.160052999999998	Reference estimated by CS	39.70
2020	2022	2027	2030	2035	2040	2050	36.1	39.5	Extended Estimated by CS	39.159999999999997	43	miles per gallon

California	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1.768	1.677	1.5609999999999999	1.8779999999999999	2.1659999999999999	2.5169999999999999	2.855	3.1240000000000001	3.5609999999999999	2.7250000000000001	3.1379999999999999	3.863	4.08	Average U.S.	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1.5229999999999999	1.46	1.3859999999999999	1.603	1.895	2.3140000000000001	2.6179999999999999	2.843	3.2989999999999999	2.4060000000000001	2.835	3.5760000000000001	3.68	100 CambridgePark Drive, Suite 400
Cambridge, MA  02140
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